Abstract. Many proposals to model service level agreements (SLAs) have been 
2 unlike computational services, there is little work related to the extension of PAIS with 30 SLA-aware capabilities to support BPO services.
31
A PAIS with SLA-aware capabilities, i.e. an SLA-aware PAIS, is a PAIS that uses 32 explicit definitions of SLAs to enable or improve the automation of certain tasks related 33 to both the SLAs and their fulfilment such as performance monitoring, human resource 34 assignment or process configuration [7] . For instance, an SLA-aware PAIS could be 35 automatically instrumented according to the metrics defined in the SLA so that when 36 there is a risk of not meeting an SLO, an alert is raised allowing the human actors 37 involved in the process to take measures to mitigate the risk. Another example could be 38 the automated configuration of the process, e.g. removing or adding activities, executed 39 by the SLA-aware PAIS depending on the conditions of the SLA agreed with the client.
40
Apart from the benefits derived from the automation of these tasks, the need for a 41 SLA-aware PAIS becomes more critical in a business-process-as-a-service (BPaaS) 42 scenario. A BPaaS is a new category of cloud-delivered service, which, according to 43 Gartner [8] , can be defined as "the delivery of BPO services that are sourced from 44 the cloud and constructed for multitenancy. Services are often automated, and where 45 human process actors are required, there is no overtly dedicated labour pool per client.
46
The pricing models are consumption-based or subscription-based commercial terms.
47
As a cloud service, the BPaaS model is accessed via Internet-based technologies." In In this paper, we focus on the formalization of BPO SLAs as a first step to enable and techniques used to model process performance indicators. Furthermore, we have 60 validated our approach through the modelling of several real BPO SLAs.
61
The remainder of the paper is structured as follows. In Section 2, a running example 62 is introduced. Section 3 details the four elements that must be formalized in SLAs for
63
BPO services and Section 4 shows how they can be modelled using WS-Agreement.
64
Next, Section 5 reports on how the running example can be formalized using our pro-65 posal and discusses some limitations identified during the definition of the SLA metrics. is considered incomplete or inadequate by the APC, it needs to be resubmitted by the 88 contractor until it fulfils the APC's quality requirements.
89
For this service, the SoTR document presents the following information: 1) the committed times by the contractor (see Table 1 ); 2) the general objective defined for FIs -the SLO of the SLA-represented as AFIP > 95%, where the AFIP (accomplished FIs percentage) metric is defined as:
and 3), the penalties applied in case the SLO is not accomplished (see Table 2 ). These 90 penalties are defined over the monthly billing by the contractor for the FI service. In 91 addition, the SoTR presents the following definitions for the referred times in 
If the APC considers such documentation as incomplete or inadequate, it will be 101 returned to the contractor and documentation time is again activated and computed. 
134
In general, SLOs can be defined as mathematical constraints over one or more SLA 135 metrics.
136

Penalties and rewards
137
They are compensations that are applied when the SLO is not fulfilled or is improved,
138
respectively. An example is shown in by data that is generated within the process flow and are aimed at the process controlling 163 and continuous optimization [14] .
164
Specifically, in this paper we propose using WS-Agreement [15] Service Properties In BPO services, these metrics can be specified using a PPI- 
Limitations of our approach
273
The application of the proposed approach for defining SLAs of BPO services to real sce-274 narios showed up some limitations concerning the definition of SLA metrics, whereas
275
WS-Agreement and the models used to define business processes, SLOs, penalties, and 276 rewards proved to be capable to model all possible situations.
277
Concerning SLA metrics, although most of them could be successfully modelled 278 using PPINOT, there were a few types that could not be represented properly. As far as 279 we know, this limitation is not specific to PPINOT, since there is not any other PPI mod-
280
elling approach that can model all of the metrics that appear in the analysed SLAs. We 281 believe that the main reason why we have found this limitation is that, although related, 282 the purpose of PPIs and SLA metrics are slightly different. PPIs are used internally by 283 the organisation that performs the process as a mechanism to improve its performance.
284
In contrast, SLA metrics are aimed at providing service-level guarantees to the service 285 consumer or defining penalties when guarantees are not met. As a consequence, SLA 286 metrics are much more focused on the customer and its expectations than the former.
287
Specifically, we found four types of metrics that cannot be modelled neither with
288
PPINOT nor with most of the other PPI modelling approaches:
289
Metrics that involve exclusion of idle time, suspend time, calendars or timetables
290
In the running example, when defining times like resolution time, documentation 291 time, etc, the SoTR document usually specified that idle time should be ignored for 292 those measures, and that the local calendar and working hours were considered to 293 compute time for them. This ability to exclude time according to some criteria is 294 not usually present in PPI modelling approaches.
295
11
Metrics that involve delays with respect to a date given in a data object These met- process-aware and this has an strong influence on how they are described.
373
On the light of these requirements, our proposal to model BPO SLAs combines 374 well founded approaches and standards for modelling computational SLAs and PPIs.
375
Specifically, we rely on WS-Agreement [15] , which provides the general SLA struc-376 ture, BPMN [28] , which is used to model the business process related to the service,
377
PPINOT [13] , which allows the definition of metrics, and iAgree [16] , which provides 378 a language to define SLOs and penalties. 
